A yellow-pigmented bacterial strain (JR1 T ) isolated from a sediment sample was subjected to a taxonomic study, based on phenotypic, genetic and physiological characterization. Here, we describe the cultivation and characteristics of strain JR1 T , a novel member of the genus Carboxylicivirga in the family Marinilabiliaceae. Cells of strain JR1 T were rod-shaped, Gram-stainnegative, non-motile and facultatively anaerobic. The temperature range for growth was 15-42 C (optimum, 33 C) and the pH range for growth was pH 6.0-8.5 (optimum, pH 7.0-7.5). Growth occurred in the presence of 0.0-10.0 % (w/v) NaCl (optimum 2.0-3.0 %). 16S rRNA gene sequence analysis produced results with 97.4 % similarity to Carboxylicivirga taeanensis MEBiC 08903 T , 96.8 % similarity to Carboxylicivirga mesophila MEBiC 07026 T , 94.9 % similarity to Carboxylicivirga linearis FB218 T and 94.6 % similarity to Carboxylicivirga flava Q15 T . The DNA G+C content was 42.3 mol% and the major fatty acids were iso-C 15 : 0 , C 15 : 0 , anteiso-C 15 : 0 , C 17 : 1 !6c and iso-C 17 : 0 -3OH. The major polar lipids detected were phosphatidylethanolamine and two unidentified lipids; the major respiratory quinone detected was MK-7. The results of the phenotypical, phylogenetic and biochemical analyses between the study strain and some related type strains indicated that this strain represent a novel species of the genus Carboxylicivirga within the family Marinilabiliaceae, for which the name Carboxylicivirga sediminis sp. nov. is proposed. The type strain is JR1 T (=MCCC 1K03323 T =KCTC 52869 T ).
At the time of writing, 11 genera are assigned to the family Marinilabiliaceae Ludwig et al. 2011 [1] , including Alkaliflexus, Alkalitalea, Anaerophaga, Mangroviflexus, Marinilabilia, Natronoflexus, Thermophagus, Geofilum, Saccharicrinis, Carboxylicivirga and Labilibacter [2] [3] [4] [5] [6] [7] [8] [9] [10] . The genus Carboxylicivirga Yang et al. 2014 [11] is composed of Gram-stain-negative bacteria that have been reported from different marine environments such as tidal flat sediment, sea cucumber culture pond and coastal sediment [11] . The genus was proposed by Yang et al. [9] to accommodate two unusual species Carboxylicivirga mesophila and Carboxylicivirga taeanensis. To date, the genus Carboxylicivirga includes four species: C. mesophila [9] , C. taeanensis [9] , Carboxylicivirga linearis [12] and Carboxylicivirga flava [11] . Interestingly, the cell morphology of Carboxylicivirga is a slightly curved line and not all members of the genus Carboxylicivirga can degrade agar. The common characteristics within the genus Carboxylicivirga are that they are negative for oxidase and H 2 S production, and contain MK-7 as the major respiratory quinone. This study describes the phenotypical, biochemical and genotypical characterization of strain JR1 T , concluding that it represents a novel species in the genus Carboxylicivirga.
The novel strain was isolated from sediment collected in December 2016 from a tidal flat located in Yantai, China (37 33¢ 38.7 † N 121 17¢ 7.6 † E), during an investigation at the mouth of the Jia River. The mouth of the Jia River is a habitat for wild oysters and clams. The sediment sample (50 g) was mixed with 450 ml sterile seawater and diluted serially. An aliquot (0.1 ml) from the serial dilution was spread on marine agar 2216 (MA; Hopebio) separately and incubated for 7 days. A yellow-pigmented and circular colony, designated JR1
T , was isolated and routinely incubated at 33 C for physiological, biochemical and chemical analyses after purification. Genomic DNA was extracted from 60 h cultures on MA for in vitro amplification of the 16S rRNA gene using the TIANamp Bacteria DNA Kit (TIANGEN) following the manufacturer's protocol. The DNA G+C content of the chromosomal DNA was determined via high-performance liquid chromatography (HPLC) as described by Tamaoka and Komagata and Mesbah et al. [13, 14] . The nucleotide sequence of the 16S rRNA gene of strain JR1 T was determined as described previously [12] . Sequence similarities of the 16S rRNA gene were determined using the EzTaxon-e server (https://www.ezbiocloud.net/) [15] and the BLASTN program. Sequences for reference strains were retrieved from the GenBank/EMBL/DDBJ databases. Sequences were aligned using the CLUSTAL_W tool (version 1.81) [16] , and were reconstructed using the neighbour-joining (NJ), maximum-likelihood (ML) and maximum parsimony (MP) algorithms in MEGA software package version 7.0 [17, 18] 
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T (96.8 %), C. linearis FB218 T (94.9 %) and C. flava Q15 T (94.6 %). All other Marinilabiliaceae type strains showed below 92 % (16S rRNA gene sequence) similarity. In the NJ phylogenetic tree, strain JR1
T was clustered within the genus Carboxylicivirga. Within this subcluster, strain JR1
T was grouped together with C. taeanensis MEBiC 08093 T , which was supported by high bootstrap values (Fig. 1) . This was also demonstrated in the ML and MP phylogenetic trees (Figs S1 and S2, available in the online version of this article). The DNA G+C content was found to be 42.3 mol% which is in the range of the genus (i.e. 40-44.7 %) [11] .
Gram-staining and hydrolysis of agar, starch, gelatin, alginate and Tween 80 were performed according to Smibert and Krieg [19] . Colony morphology was determined on MA after incubation for 60 h at 33 C. Cell morphology and motility were observed by light microscopy (ICC50HD; Leica) and phase-contrast microscopy (E600W; Nikon). Gliding motility was assessed according to the methods of Perry [20] and Bowman [21] . Bacterial DNase was detected using DNase Agar (Hopebio) according to the manufacturer's protocol. Temperature-dependent growth was tested at 4, 10, 15, 20, 25, 30, 33, 37, 40, 42 and 45 C on MA. The NaCl concentration for growth was determined by incubating the bacteria in modified marine broth 2216 (MB, Hopebio) (5 g tryptone, 3.2 g MgSO 4 , 2.2 g MgCl 2 , 1.2 g CaCl 2 , 1 g yeast extract, 0.7 g KCl, 0.2 g NaHCO 3 and 1 l deionized water) containing 0, 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10 and 12 % (w/v) NaCl. The pH tolerance was assessed by incubating the bacteria in MB at pH values of 5.5-9.5 with 0.5 pH unit increments adding the following buffers at a concentration of 20 mM for pH adjustment: MES (for pH 5.5 and 6.0), PIPES (pH 6.5 and 7.0), HEPES (pH 7.5 and 8.0), Tricine (pH 8.5) and CAPSO (pH 9.0 and 9.5). To examine O 2 metabolism, growth under strictly anaerobic conditions was tested on MA with or without 0.1 % NaNO 3 for 7 days at 33 C. Oxidase activity was determined with an oxidase reagent (bioM erieux). Catalase activity was tested by the observation of gas bubbles after the addition of a few drops of 3 % (v/v) H 2 O 2 to fresh biomass grown on an agar plate. Various biochemical and additional enzyme activities were assayed using the API 20E and API ZYM kits (bioM erieux). Oxidation of different compounds as sole carbon sources was checked on Biolog GEN III MicroPlates. All the API kits and Biolog GEN III MicroPlates tests were carried out according to the manufacturer's instructions except bacterial biomass for inoculations was suspended in 3 % (w/v) NaCl.
Biomass for fatty acid analysis was grown on MA for 60 h at 33 C. Fatty acid extraction and analysis were performed according to procedures described by Sasser [22] with a microbial identification system (MIDI; Microbial ID). Cells of strain JR1
T were harvested at the late-exponential growth phase in MB at 33 C for characterization of isoprenoid quinones and polar lipids. Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v) from lyophilized cells Sigma) was used to detect amino lipids, Zinzadze reagent (molybdenum blue spray reagent, 1.3 %; Sigma) was used to detect phospholipids, and a-naphthol reagent was used to detect glycolipids [23] .
Colonies of JR1 T on MA were yellow-pigmented, smooth and circular. Bacterial cells were rod-shaped, 0.1-0.4 µm wide and 2.0-15.5 µm long. Growth was observed at temperatures of C (optimum, 33 C). Strain JR1 T grew facultatively anaerobically and with 0-10 % (w/v) NaCl (optimum 2.0-3.0 %). The pH range for cell growth was pH 6.0-8.5 (optimum pH 7.0-7.5). Tests for hydrolysis of agar, urea, alginate and gelatin were positive. Additional biochemical/physiological data are given in Table 1 and in the species description. Strain JR1
T has rich branched-chain fatty acids similar to those of other species of the genus Carboxylicivirga. Furthermore, strain JR1 T , C. taeanensis JCM 19490 T and C. mesophila JCM 18290 T have richer linearsaturated fatty acids which were quite different from those of C. linearis FB218 T and C. flava Q15 T . The proportions of fatty acids are shown in Table 2 . The major respiratory quinone detected was MK-7, which is characteristic of the genus Carboxylicivirga. The major polar lipids were found to be phosphatidylethanolamine, unidentified lipid 1 and unidentified lipid 2 (Fig. S3a) . The major polar lipids of C. linearis FB218 T include phosphatidylethanolamine, unidentified lipid 1 and unidentified lipid 5 (Fig. S3b) . Strain JR1 T and C. linearis FB218 T shared phosphatidylethanolamine as a major polar lipid. The novel isolate could be distinguished from C. flava Q15
T by the absence of glycolipid. A small portion of phosphoaminolipid was also detected, which was similar to C. linearis FB218
T , but unlike C. taeanensis MEBiC 08903 T , C. mesophila MEBiC 07026 T and C. flava Q15 T [8, 10] . The novel isolate can be readily distinguished from other Carboxylicivirga species by the combination of phenotypic and physiological features, e.g. range of salinity and temperature for growth, hydrolysis of Tween 80, agar, urea and gelatin and indole production ( Table 1 ).
The major fatty acids (>5.0 %) of strain JR1
T were iso-C 15 : 0 (24.7 %), C 15 : 0 (9.3 %), anteiso-C 15 : 0 (7.8 %), C 17 : 1 !6c (7.7 %) and iso-C 17 : 0 -3OH (7.2 %), which was consistent with other Carboxylicivirga species. The major polar lipids were found to be phosphatidylethanolamine, unidentified lipid 1 and unidentified lipid 2. Based on the genotypic, phenotypic and chemotaxonomic data, strain JR1
T represents a novel species of the genus Carboxylicivirga, for which the name Carboxylicivirga sediminis sp. nov. is proposed. The type strain is JR1
T (=MCCC 1K03323
T =KCTC 52869 T ). Colonies are yellow-pigmented, circular with entire edges, smooth and 0.5-1.0 mm in diameter after 60 h of incubation at 30 C on MA. Cells are rod-shaped, 0.1-0.4 µm wide and 2.0-15.5 µm long, Gram-stain-negative and non-motile. Metabolism is likely facultatively anaerobic. Growth occurs at C (optimum, 33 C) and pH 6.0-8.5 (optimum, pH 7.0-7.5) and in the presence of 0-10 % (w/v) NaCl (optimum, 2.0-3.0 %). The major fatty acids are iso-C 15 : 0 , C 15 : 0 , anteiso-C 15 : 0 , C 17 : 1 !6c and iso-C 17 : 0 -3OH and the major respiratory quinone is MK-7. The major polar lipids were found to be phosphatidylethanolamine, unidentified lipid 1 and unidentified lipid 2. Cells are positive for catalase (weakly), alkaline phosphatase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, agalactosidase, b-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-glucosaminidase and DNase. Negative for oxidase, urease, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, b-glucuronidase, a-mannosidase and nitrate reduction. Does not hydrolyse Tween 80. Hydrolyses agar, starch, gelatin and alginate. Positive for indole production and negative for H 2 S production. Dextrin, maltose, cellobiose, gentiobiose, lactose, melibiose, D-glucuronic acid, glucuronamide, a-keto-butyric acid, turanose, stachyose and N-acetyl neuraminic acid are oxidized as sole carbon and energy sources. The DNA G+C content of the type strain is 42.3 mol%.
The type strain, JR1
T (=MCCC 1K03323 T =KCTC 52869 T ), was isolated from a sediment sample collected from the coastal area of Yantai, China. 
